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Chapter 5
Attribution: How Is It Relevant for Loss
and Damage Policy and Practice?
Rachel A. James, Richard G. Jones, Emily Boyd, Hannah R. Young,
Friederike E. L. Otto, Christian Huggel and Jan S. Fuglestvedt
Abstract Attribution has become a recurring issue in discussions about Loss and
Damage (L&D). In this highly-politicised context, attribution is often associatedwith
responsibility and blame; and linked to debates about liability and compensation. The
aim of attribution science, however, is not to establish responsibility, but to further
scientific understanding of causal links between elements of the Earth System and
society. This research into causality could inform the management of climate-related
risks through improved understanding of drivers of relevant hazards, or, more widely,
vulnerability and exposure; with potential benefits regardless of political positions
on L&D. Experience shows that it is nevertheless difficult to have open discussions
about the science in the policy sphere. This is not only a missed opportunity, but also
problematic in that it could inhibit understanding of scientific results and uncertain-
ties, potentially leading to policy planning which does not have sufficient scientific
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evidence to support it. In this chapter, we first explore this dilemma for science-
policy dialogue, summarising several years of research into stakeholder perspectives
of attribution in the context ofL&D.We then aim to provide clarity about the scientific
research available, through an overview of research which might contribute evidence
about the causal connections between anthropogenic climate change and losses and
damages, including climate science, but also other fields which examine other drivers
of hazard, exposure, and vulnerability. Finally, we explore potential applications of
attribution research, suggesting that an integrated and nuanced approach has poten-
tial to inform planning to avert, minimise and address losses and damages. The key
messages are
• In the political context of climate negotiations, questions about whether losses
and damages can be attributed to anthropogenic climate change are often linked
to issues of responsibility, blame, and liability.
• Attribution science does not aim to establish responsibility or blame, but rather to
investigate drivers of change.
• Attribution science is advancing rapidly, and has potential to increase understand-
ing of how climate variability and change is influencing slow onset and extreme
weather events, and how this interacts with other drivers of risk, including socio-
economic drivers, to influence losses and damages.
• Over time, some uncertainties in the science will be reduced, as the anthropogenic
climate change signal becomes stronger, and understanding of climate variability
and change develops.
• However, some uncertainties will not be eliminated. Uncertainty is common in
science, and does not prevent useful applications in policy, but might determine
which applications are appropriate. It is important to highlight that in attribu-
tion studies, the strength of evidence varies substantially between different kinds
of slow onset and extreme weather events, and between regions. Policy-makers
should not expect the later emergence of conclusive evidence about the influence
of climate variability and change on specific incidences of losses and damages;
and, in particular, should not expect the strength of evidence to be equal between
events, and between countries.
• Rather than waiting for further confidence in attribution studies, there is potential
to start working now to integrate science into policy and practice, to help under-
stand and tackle drivers of losses and damages, informing prevention, recovery,
rehabilitation, and transformation.
Keywords Loss and Damage · Attribution · Climate change · Science-policy
interface
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5.1 Introduction
The science of attributing observed phenomena to human-induced and natural cli-
mate drivers has seen remarkable progress since its emergence in the 1990s. The
first studies demonstrated that the late 20th century increase in global mean surface
temperature would not have occurred without human influence on concentrations of
greenhouse gases (GHGs) and aerosols (Tett et al. 1999; Stott et al. 2000). In subse-
quent years, many more studies of global temperature supported this finding, leading
to greater and greater confidence in anthropogenic influence on global warming (San-
ter et al. 1995; Mitchell et al. 2001; Hegerl et al. 2007; Bindoff et al. 2013), and, the
most recent report of the Intergovernmental Panel on Climate Change (IPCC) states
that anthropogenic drivers are “extremely likely [or>95% probability] to have been
the dominant cause of the observed warming since the mid-20th century” (IPCC
2014). These scientific attribution statements provide a fundamental underpinning
for the United Nations Framework Convention on Climate Change (UNFCCC; UN
1992), demonstrating that recent warming was predominantly caused by human
emissions of carbon dioxide, methane, and short-lived climate forcings (SLCFs),
and modifications to GHG concentrations associated with land use change (LUC);
and thus establishing the imperative for mitigation.
As the UNFCCC’s mandate has extended beyond mitigation, to include adapta-
tion, and now Loss and Damage (L&D) from climate change impacts (UNFCCC
2013, 2015; see introductory chapter by Mechler et al. 2018), new challenges and
questions are emerging about the science of attribution, and its role in policy. Whilst
there is strong evidence from attribution studies that human activity is influencing
global and regional temperatures (Bindoff et al. 2013), and also other global and
regional scale changes (including sea level rise, e.g. Church et al. 2013; and atmo-
spheric moisture content, e.g. Santer et al. 2007), understanding how anthropogenic
drivers influence losses and damages in particular ecosystems, economies, and com-
munities is a very different endeavour, which raises questions extending far beyond
physical climate science. When referring to the loss of coastline from a storm surge,
fatalities during a heat wave, or famine during a drought, the issue of causality
becomes more challenging scientifically. As we will explore in this chapter, at this
scale and complexity, multiple factors contribute to a specific loss or damage, and the
signal from climate change ismore difficult to detect relative to themany other poten-
tial influences on hazard occurrence, exposure, and vulnerability (Huggel et al. 2013).
Questions about attribution of specific losses and damages also make the impli-
cations of the scientific research more political than the implications of studies into
global or regional climate. Now questions are being asked about the influence of
human actions (through anthropogenic GHGs) on specific people, and often not
the same people who were responsible for the majority of GHG emissions. It is
therefore not difficult to understand why, in the context of L&D policy discussions,
attribution has often been associated with responsibility, blame, and liability. For sci-
entists, research into causality is a fundamental route towards understanding how the
Earth System works, and attribution research is not necessarily intended to identify
responsible parties. In the context of political negotiations, however, evenmentioning
attribution science can be seen as, and arguably often is, a political move.
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If attribution science is to be helpful in this controversial policy space, scien-
tists must not only push the boundaries of their physical scientific analyses, but also
improve their understanding of policymechanisms, and themotivations, perceptions,
and knowledge of policy-makers and practitioners. Interdisciplinary research in col-
laboration with social scientists, and transdisciplinary studies with stakeholders in
policy and practice, are fundamental to identify whether there are entry points for
physical attribution science. In response to this need, the authors have been investi-
gating the potential relevance of attribution science for L&D by attending UNFCCC
meetings (James et al. 2014a; Parker et al. 2015; Otto et al. 2015a), interviewing
stakeholders about attribution (Parker et al. 2017a), playing participatory games
about attribution science and its role in L&D (Parker et al. 2016), and more broadly
analysing perspectives of what L&D signifies (Boyd et al. 2017). This research has
highlighted the challenge of applying attribution science in a context where it is dif-
ficult to even discuss climate change science (James et al. 2014a). There are many
vested interests in the outcomes of attribution research, and, for negotiators of climate
policy, clarity on exactly what can and cannot be attributed might not be considered
helpful.
Unsurprisingly, then, our research also suggests that stakeholders to the L&D
debate have quite different understandings of what can and cannot be attributed to
anthropogenic climate change (Parker et al. 2017a). Yet, we find that attribution is an
issue which recurs in negotiations: and there is a risk that, without improved under-
standing, policy planning could proceed based on assumptions about the science, and
then later find that the evidence available is either stronger or weaker than expected.
In this chapter, we revisit the question of whether and how attribution science might
be useful for L&D policy and practice, first examining existing understandings of
attribution in L&Dpolicy discussions, then outlining the science itself andwhat it can
offer, and finally turning to potential applications. We hope to open up opportunities
for more informed dialogue between researchers, policy-makers, and practitioners:
helping scientists to understand the L&D policy context, the perceptions and impli-
cations of attribution, helping policy-makers and practitioners to understand what
the science can offer, and identifying areas which might require further integration
for progress (see Box 5.1 for key messages).
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Box 5.1 Key Messages
• In the political context of climate negotiations, questions about whether losses and
damages can be attributed to anthropogenic climate change are often linked to issues
of responsibility, blame, and liability.
• Attribution science does not aim to establish responsibility or blame, but rather to
investigate drivers of change.
• Attribution science is advancing rapidly, and has potential to increase understanding
of how climate variability and change is influencing slow onset and extreme weather
events, and how this interacts with other drivers of risk, including socio-economic
drivers, to influence losses and damages.
• Over time, some uncertainties in the science will be reduced, as the anthropogenic
climate change signal becomes stronger, and understanding of climate variability and
change develops.
• However, some uncertainties will not be eliminated. Uncertainty is common in sci-
ence, and does not prevent useful applications in policy, but might determine which
applications are appropriate. It is important to highlight that in attribution studies, the
strength of evidence varies substantially between different kinds of slow onset and
extreme weather events, and between regions. Policy-makers should not expect the
later emergence of conclusive evidence about the influence of climate variability and
change on specific incidences of losses and damages; and, in particular, should not
expect the strength of evidence to be equal between events, and between countries.
• Rather than waiting for further confidence in attribution studies, there is potential to
start working now to integrate science into policy and practice, to help understand and
tackle drivers of losses and damages, informing prevention, recovery, rehabilitation,
and transformation.
Section 5.2 summarises findings from our transdisciplinary research of perspec-
tives on attribution in L&D policy discussions, drawing directly on qualitative evi-
dence from stakeholder interviews (see Box 5.2). Section 5.3 then provides an
overview of sources of evidence about attribution of L&D to climate variability
and anthropogenic climate change. This is not restricted to physical climate science,
but also includes other fields of enquiry which investigate causative links between
L&D, climate and weather, and human activity. Section 5.4 will discuss if and how
such attribution science might be applied to support L&D policy and practice, taking
into account previous ideas from the L&D literature, and stakeholder interviews (see
5.2), but also drawing on our own conclusions and ideas about potentially fruitful
applications.
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Box 5.2 Evidence from stakeholder interviews
The discussion of perspectives of attribution in the context of L&Dpolicy in this chapter
draws on qualitative evidence from two research projects which included interviews
with stakeholders to L&D discussions. The first project aimed to explore stakehold-
ers’ understandings of probabilistic event attribution in relation to L&D (Parker et al.
2017a), and the second project was designed to more broadly investigate stakeholder
perspectives on L&D (Boyd et al. 2017). In both projects we asked stakeholders what
kind of scientific evidencemight be relevant for L&Dpolicy, and how; and both projects
led to insights into stakeholder perspectives on attribution science, including some con-
sistent findings. The methodologies are described more thoroughly in the key academic
papers, but here we provide a brief overview of the interview design and participants
to provide context for the quotations that are included in this chapter. All interview
data were anonymised and analysed for the respective papers, and here we draw on key
quotations which emerged from these analyses.
The focus of the Parker et al. (2017a) study was on just one area of attribution research:
probabilistic event attribution (PEA), a rapidly emerging field which aims to explore
the extent to which anthropogenic emissions influence the likelihood and magnitude
of specific extreme weather events such as heatwaves, floods and droughts in a spe-
cific location (see Sect. 5.3). Qualitative, semi-structured interviews were conducted
between November 2013 and July 2014 with 31 stakeholders including UNFCCC del-
egates, representatives from non-governmental organisations, climate scientists, and
social scientists. Interview questions focusing on the extent to which the interviewees
understood PEA, and their views about its relevance to L&D policy.
The broader study of stakeholder perspectives on L&D, described in Boyd et al. (2017),
was prompted by the authors’ work on the relevance of attribution science for L&D
policy (including Parker et al. 2017a). One of the emerging insights from the initial
engagement with L&D discussions was the difficulty of initiating detailed discussions
about science and practice to understand and address L&D, given the controversy of
the topic, but also the lack of clarity on the concept of L&D (James et al. 2014a).
This prompted an in-depth investigation of stakeholder perspectives of L&D, in which
interviewees were asked how they would define L&D, the relationship between L&D
and adaptation, and what actions might be needed to address L&D. On the basis of these
interviews a diverse spectrum of ideas about L&D was identified, characterised as a
typology of four perspectives (see Fig. 5.1). The interviews included questions about
the relevance of anthropogenic climate change in the context of L&D and what kind of
science might be needed for L&D policy, and it is these aspects which we discuss in
this chapter. 36 qualitative, semi-structured interviews were conducted between April
and November 2015 with stakeholders from science, policy, and practice, including
negotiators, adaptation and disaster risk practitioners, and researchers with expertise in
climate science, social science, law, philosophy, and economics.
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5.2 Attribution in the Context of L&D: Why Is Attribution
a Critical Issue?
5.2.1 Recurring Questions: Is This Really About
Anthropogenic Climate Change?
The UNFCCC has a mandate to address anthropogenic climate change (UN 1992).
Its ultimate objective is to “achieve stabilization of greenhouse gas concentrations in
the atmosphere at a level that would prevent dangerous anthropogenic interference
with the climate system” (UN 1992:4), and therefore the original focus of UNFCCC
discussions was on mitigation, or reducing GHGs. However, there has long been a
recognition that some climate change impacts cannot be avoided (e.g. Meehl 2005;
Wigley 2005); and the UNFCCC now has frameworks and mechanisms to address
climate change impacts in terms of adaptation (UNFCCC 2011) and more recently
L&D (UNFCCC 2013, 2015; see also introductory chapter by Mechler et al. 2018).
In seeking to address the impacts of anthropogenic climate change, the bound-
aries of the UNFCCC’s mandate become less clear. Efforts to help people cope with
climate change include risk reduction, e.g. by reducing vulnerability or more gener-
ally by enhancing adaptive capacity, and improving disaster response and recovery.
These activities are already important ambitions for institutions which focus on
development, disaster risk management, and humanitarian aid. An obvious question
is therefore:what is distinct about adaptation and/or L&D?How should theUNFCCC
interact with UNDP (the UN Development Programme), UNISDR (the UN Office
for Disaster Risk Reduction), and a whole host of other UN agencies and interna-
tional organisations? Which activities are specific to climate change?1 In the case of
L&D, the term—“losses and damages”—has been used in disaster risk reduction for
many years.2 Losses and damages from natural disasters have occurred and would
continue to occur without climate change. So, which losses and damages are relevant
for the UNFCCC?What further effort is needed to address the new and/or additional
losses and damages which will result from climate change?
These questions about institutionalmandates and responsibilities lead to questions
about attribution: about which losses and damages can be attributed to anthropogenic
climate change. It is not easy to find conclusive scientific answers, partly because
these attribution questions are motivated and posed differently to research questions
in scientific studies (Otto et al. 2016), and partly due to the complexity of isolat-
1Similar questions were raised by many of the stakeholders we interviewed (see Box 5.2), for
example one said: “That’s a fundamental question—am I fighting climate change or poverty?”, and
one interviewee described the challenge in UNFCCC L&D discussions to “draw the distinction
about what’s considered adaptation and L&D, and some of the humanitarian and DRR issues”,
explaining “we had a very long discussion in the committee meeting just to discuss whether the
humanitarian assistance can be counted for climate finance”.
2As one interviewee highlighted (see Box 5.2), the “use of this phrase in this very policy context
is very different from use of the phrase in the disaster risk management community, where they’re
looking at L&D from all events”.
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ing the influence of anthropogenic climate change on specific losses and damages.
Scientific attribution studies usually take anthropogenic emissions as their starting
point, and ask what influence those emissions have had on climate and weather. In
policy discussions, attribution questions emerge from questions of how to address
specific cases of losses and damages, and what proportion of the losses or damages
can be related to anthropogenic climate change. As we will outline in Sect. 5.3,
at a local scale it becomes more challenging to understand how the influence of
anthropogenic climate change interacts with natural variability in weather and cli-
mate. Furthermore, the influence of hazards resulting from local climate changes and
extreme weather events on people (through impacts on health, water resources, food
systems, infrastructure and beyond) interacts with a whole range of other drivers.
These include the vulnerability and exposure components of coupled human-natural
systems (see chapters by Bouwer 2018; Lopez et al. 2018 and Botzen et al. 2018).
These complexities and uncertainties perhaps start to explain why questions about
attribution recur in UNFCCC negotiations3: there are obvious and practical reasons
to ask which L&D is related to climate change, but no straightforward answers.
5.2.2 Questions with Political Implications: Controversy
and Ambiguity in the Negotiations
The answers to attribution questions also have important political implications.
Attributing specific losses anddamages toGHGemissionsmight imply responsibility
for emitters (potentially including countries, regions, sectors, companies, and individ-
uals). Some of the stakeholders we interviewed (see Box 5.2) highlighted that men-
tions of attribution in the negotiation context were likely to be politically motivated,
associated with attempts to push for compensation for climate change impacts.4
They also suggested that the political motivations might influence how attribution
sciencewould be represented, i.e. negotiatorsmight “choosewhat they know” (Parker
et al. 2017a).5 When developed countries mention attribution in UNFCCC negotia-
tions they might highlight the uncertainty and imply inability to attribute losses and
3Recurring questions about whether L&D is related to climate change, and specifically about attri-
bution, were witnessed in our own participant observation of UNFCCC discussions (see Boyd et al.
2017), notably including one quote from a member of the Executive Committee to the WIM “it’s a
question of attributionwhichwe always get back to”. Interviewees (see Box 5.2) also commented on
the recurring nature of the topic in UNFCCC discussions, for example “there’s a lot of unproductive
exchanges that say ‘how can we be sure this is related to anthropogenic changes,” explaining “it’s
not an explicit agenda item, but it always pops up.”
4For example, one interviewee said “When you talk about attribution, there’s an important sense of
who’s paying for it and who’s to blame… people look at attribution as a way to get compensation.”
5Another interviewee said, referring to attribution science: “I think there will be different ways in
which people interpret this and use this to get what they want, and to avoid having to do/pay for
things.”
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damages to anthropogenic forcing.6 Conversely, vulnerable countries might want to
highlight the strength of attribution evidence to try to prompt action from emitters7
(see also chapter by Calliari et al. 2018).
Therefore, whilst on an institutional level it seems important to distinguish losses
and damages which are attributable to climate change, and losses and damages which
might not be relevant to the UNFCCC, doing so is not only scientifically challenging,
but also politically contentious. Perhaps in order to make progress in the presence
of this controversy, and to achieve agreement across different Parties, deliberately
ambiguous language has been used in the official L&D text under the UNFCCC,
including in the Warsaw International Mechanism (WIM) (UNFCCC 2013) and
Article 8 of the Paris Agreement (UNFCCC 2015).8 The WIM refers to L&D from
climate change impacts, but it is unclear how those losses and damages might be
distinguished from L&D from natural disasters (James et al. 2014a).
5.2.3 Perspectives from Practitioners: Is It More Pragmatic
to Avoid Isolating Anthropogenic Climate Change
Impacts from Other Losses and Damages?
The ambiguity in international policy leaves room for multiple perspectives on the
relevance of anthropogenic climate change to L&D, and the potential role for attri-
bution science. Boyd et al. (2017) asked stakeholders whether they thought actions
to address losses and damages should refer only to the impacts of anthropogenic
climate change, or to any adverse effects from climate variability and change (see
Fig. 5.1). This revealed a divide in opinion. In 9 of the 36 interviews, stakehold-
ers were clear that, since the WIM was part of the UNFCCC, it should focus on
anthropogenic climate change. Nine others, predominantly practitioners, argued that
it would be more pragmatic to address all weather and climate-related losses and
damages together (in keeping with several working definitions of L&D, Warner and
van der Geest 2013; UNEP 2016).9
Many of the remaining interviewees also expressed caution about limiting L&D
actions too strictly to those impacts that could be attributed to anthropogenic climate
change. This was partly due to awareness of the political connotations of attribution
6For example, Vanhala and Hastbaek (2016) refer to the response of New Zealand to an AOSIS
proposal, in which they rejected the proposal on the basis that it is not possible to attribute any
specific extreme event to climate change.
7One interviewee discussed the challenge of attribution science for vulnerable countries: “the risk
is that L&D may well go unattributed to climate change and once the opportunity to compensate is
lost, in the scheme of things it’s lost…It’s difficult, obviously you want to attribute everything.”
8According to Vanhala and Hastbaek (2016), the ambiguous nature of the WIM was central to its
establishment; or as one interviewee in Boyd et al.’s (2017) study stated “they’ve made it fuzzy to
get people to sign on”.
9In the remaining 18 interviews, a conclusive opinion about this question was not expressed.
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Fig. 5.1 A schematic diagram illustrating a spectrum of views on L&D identified by Boyd et al.
(2017). Each of the four perspectives are arranged along an axis in terms of how far suggested
approaches to address losses and damages are distinct from, or go beyond, existing adaptation
mechanisms. The shading illustrates how the perspectives differ in terms of the relevance of anthro-
pogenic climate change: for two of the perspectives identified, L&D refers to anthropogenic climate
change impacts only, for the other two perspectives, there is an emphasis on addressing all climate-
related risk. Adapted from Boyd et al. (2016, 2017)
in the negotiations,10 and the suggestion that more progress might be possible if the
mandate of L&Dmechanisms remained vague and inclusive.11 It was also partly due
to frustration at the inefficiencies of multiple institutions in disaster risk, humanitar-
ian aid, development, adaptation, and now potentially L&D, working on separate but
related issues without effective coordination12; and an appeal formore integrated risk
10This was expressed several times when this question was linked to issues of compensation and
attribution by the interviewee, e.g. “to get political consensus around attribution, and therefore
compensation, is just never going to happen.”
11For example: “If you push too hard the discussion on defining, other than the quagmire semantics
and politics it takes you into, it actually works against the idea that you have to address the problem
comprehensively.”
12For example: “There are too many forms of funding coming out of development, the problem
with that is that you need a broad resilience approach to short term risk and long term stresses which
can create conflict related to climate change.”
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management.13 The suggestion that L&D should refer to all climate-related events
was also related to an expression of caution about relying too heavily on complex
scientific assessments.14 Interviewees were concerned that uncertainties in the sci-
ence could delay progress,15 or inhibit efforts in regions with limited data availability
and limited ability to provide evidence of the influence of climate change.16 They
suggested that the more important ethical imperative should be to help people who
are suffering.17 This is also in keeping with comments expressed in the literature
(e.g. Hulme et al. 2011). Several stakeholders suggested that focusing on attributing
hazards would be counterproductive in diverting attention away from helping those
in need.18
5.2.4 A Challenge for Science-Policy Dialogue
In policy (Sects. 5.2.1, 5.2.2) and practice (Sect. 5.2.3), questions about attribution
may therefore emerge from questions about which institutions and countries should
take responsibility for dealing with L&D; about who should pay for L&D. Many
see that assigning responsibility is politically challenging, and addressing climate
change impacts in isolation is impractical. Attribution, by association, is sometimes
seen as unhelpful or irrelevant.19
For scientists, questions about attribution have different motivations, objectives,
and implications. Analysis of causality is an important way to further understanding
of the Earth System. There are many important reasons to ask attribution questions
besides establishing responsibility. And, it is worth highlighting that the results of
scientific attribution studies are not sufficient to indicate responsibility. Attribution
studies can estimate the extent to which certain drivers (such as GHGs) contributed
to certain outcomes (such as flooding), but this “contribution” is very different from
13For example: “disaster risk management thinking and also climate change thinking has to be
integrated with this big development perspective.”
14For example: “that places too great a weight upon scientific evidence in ethical and political
negotiations, which cannot be borne by climatic science.”
15For example: “We cannot wait for them [climatologists] to determine to what extent this is about
climate change or not” (Parker et al. 2017a).
16For example: “Science can establish maybe for some impacts earlier than others, there’s some
differences”, and “there’s a big issue with that in that the data for developing countries, we have less
certainty on what is climate enhanced disaster in the south, simply because we don’t have the data
sets. We don’t have the information to say with certainty that that was caused by climate change.”
17For example: “the more urgent issue is… actually… responding to or adapting to extremeweather
events, whether it’s caused by people or not”.
18In the words of one interviewee: “trying to disentangle the climate change portion of that risk
might be useful from a political point but it’s actually counterproductive in terms of having an
impact on reducing risk”. Similar points were expressed by stakeholders interviewed specifically
about attribution science (Parker et al 2017a).
19For example: “I know there’s this question around attribution, if you think it is key, then the
science is very important. In my mind it isn’t and I don’t think that is the way forward.”
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“responsibility”, which is a moral or ethical issue (Gardiner 2004; Muller et al. 2009;
Skeie et al. 2017). Even where a scientific study might demonstrate that a country’s,
or company’s, emissions contributed to a particular loss, that would not necessarily
equate to responsibility to act or compensate, for example, if the emitterwere unaware
of the influence of their emissions. Ethical questions about responsibility extend far
beyond the domain of climate science (ethical issues and perspectives are treated in
the chapter by Wallimann-Helmer et al. 2018 of this book).
Yet many of the stakeholders interviewed appear to see a direct association
between attribution and blame, liability, or compensation.20 Several also suggested
that the motivation for attribution research is blame or compensation.21 This might
explain why mentioning attribution science can receive a hostile, or wary, reception
in many L&D discussions.22 As one interviewee said: “the minute you talk about
anthropogenic climate change, the purpose in talking about that is to figure out who
is to blame and who to pay for the effects of it.”
The assumption of political motives behind scientific inquiry or discussion poses
a dilemma for science-policy dialogue: it is difficult to talk about attribution and
climate change signals in connection with L&D, but it seems important that policy-
makers are aware of what the science can offer, and what it cannot. And, if policy
is to address losses and damages from climate change, it is important to understand
changing risks. A central aim of attribution research, to investigate how rising GHGs
are influencing climate and the occurrence of extreme weather events, would appear
to be quite fundamental in order to prepare for climate change and address losses
and damages.
Initial evidence suggests that the current understanding of attribution science
amongst stakeholders involved in the L&D discussions is quite limited (Parker et al.
2017a). There are several opinions about the science which were found amongst
the interviewees which might be problematic. First, several implied that scientific
evidence would later become stronger which would provide more evidence for pol-
icy, particularly for compensation.23 Whilst the science is advancing rapidly, some
20In many of the interviews, attribution was mentioned in the same sentence or fragment as blame,
compensation, and liability, for example: “attribution and culpability of climate damage,” “attribu-
tion of blame and taking compensation,” “attribution, and therefore compensation,” “the compen-
sation or liability issues, as well as attribution,” “how do you attribute and get compensation.” This
was often with the implication that the main purpose of attribution is to establish responsibility,
or that the only reason why attribution would be needed is to establish responsibility e.g. “Is this
about making an argument that there is an ethical responsibility on polluters to compensate for
damage caused by pollution. In which case, attribution of weather events to particular cases in the
atmosphere becomes important”.
21For example: “There will at some point be a growing need for a politically motivated answer that
looks at attribution, but the reason for that is not practical it is political”, and: “climate attributions are
trying to understand what’s climate change doing to extremes and slow onset events and suggesting
that this can create a call for compensation”
22Based on research team’s experience of attending>20 meetings with a focus on L&D (Boyd et al.
2017).
23For example: “the science … that’s kind of the one thing that’s lagging” and “that issue of
attribution aroundwhichpolitical consensuswill not occur in the next 5 years or 10.”One interviewee
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uncertainty will always remain, and it is important to help these stakeholders under-
stand what the science might be able to offer, and where it might be insufficient. On
the other hand, many other stakeholders highlighted the challenges and difficulties
of attribution,24 some even saying that it is impossible,25 which perhaps misses an
opportunity, as there may be useful research available which they are unaware of. In
the next section, we review sources of attribution evidence to examine the extent to
which they might provide useful information about the changing risk of losses and
damages.
5.3 The Science of Attribution: What Kind of Evidence Is
Available About the Influence of Anthropogenic
Climate Change on L&D?
Climate change attribution research initially focused on investigating drivers of
observed global warming (e.g. Tett et al. 1999; Stott et al. 2000). However global
mean surface temperature does not have direct influence on people or infrastructure.
Attribution of losses and damages is a much more challenging and more interdisci-
plinary scientific problem.
Attributing losses and damages involves investigating how anthropogenic GHGs
influence many other climatic variables besides global temperature, as well as
their influence on the oceans, cryosphere and biosphere, on a range of timescales.
UNFCCC documents (e.g. UNFCCC 2013, 2015) consistently state that losses and
damages refers to impacts from both extreme events (including heatwaves, flood-
ing, tropical cyclones, and drought), and “slow onset” events or climatic processes
(including glacier retreat, sea level rise, ocean acidification and desertification).26
Understanding this wide range of environmental processes requires input frommany
different scientific disciplines (from physical climate science, to hydrology, to ecol-
ogy, to economics), and collaboration between them. It is worth highlighting that the
described attribution science as the key to unlocking liability, implying that it would later emerge:
“we don’t have to enter the rooms on liability and compensation, those doors are locked behind
a door called attribution. The key to that door lies with the scientific community, it is still being
forged.”
24For example: “Attribution is just really difficult,” “as we know attribution is very difficult,” and
“the whole attribution thing is tricky.”
25On being asked whether L&D should refer to L&D which can be attributed to anthropogenic
climate change, or all climate-related L&D, one interviewee said “there’s no science that can
distinguish between the two,” and another said “I think in many cases, it’s just simply impossible to
differentiate between the two. And I cannot think about one methodology that would allow a small
island state to argue whether a storm surge is part of a natural variability or climate change.”
26In decision 1/CP.16 (UNFCCC 2011), it was noted that approaches to address losses and dam-
ages should consider climatic impacts “including sea level rise, increasing temperatures, ocean
acidification, glacial retreat and related impacts, salinization, land and forest degradation, loss of
biodiversity and desertification”
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distinction in policy, between extreme events and slow onset events, is not consistent
with the way the events are studied by scientists; and losses and damages in many
cases result from the interplay between incremental change (including “slow onset
processes”) and rare (extreme) events. For instance, sea level rise is often experienced
through an increase in the height of storm surges. Gradually increasing temperatures
may have their largest impact during a drought.
Attribution to anthropogenic climate change requires a comparison between the
influence of human GHGs and the influence of other potential drivers. The first cli-
mate change attribution studies compared the “forcing” on global temperature from
anthropogenic GHGs and aerosols, with natural drivers including solar variations
and volcanic aerosols (Tett et al. 1999; Stott et al. 2000). Attribution of global tem-
perature also, importantly, considers the role of natural modes of variability, such
as the El Nino Southern Oscillation or Atlantic Multi-Decadal Oscillation (e.g. Fyfe
et al. 2010; Foster and Rahmstorf 2011; Folland et al. 2013), which can modify the
global temperature from year to year or even decade to decade (Parker et al. 2007).
At a regional or local scale, the role of natural variability on weather and climate is
even more pronounced, and it is therefore a very important factor to consider in attri-
bution of losses and damages. In addition, the climatic and environmental hazards
which lead to losses and damages have many other drivers besides anthropogenic
emissions and natural variability, for example changes in land use (such as defor-
estation, urbanisation, agricultural development) which have important influences,
for example via the hydrological cycle, meaning more confounding variables need
to be taken into account in an attribution analysis.
To understand losses and damages, it is essential to not only study drivers of
environmental hazards, but also to investigate other components of risk: influences
on exposure and vulnerability (Huggel et al. 2013; chapters byBouwer 2018; Schinko
et al. 2018; Lopez et al. 2018; Botzen et al. 2018). The extent of losses and damages
during a flood, for example, will be determined by the scale of the meteorological
and hydrological hazard, but also the exposure of populations (are there people
living in the floodplain?), and their vulnerability (are houses flood-resilient? are
there early warning systems and procedures for emergency response? do people
have insurance?). Furthermore, losses and damages might include monetary losses,
loss of life, damage to infrastructure, detrimental effects on ecosystems, and a diverse
array of non-monetary or non-economic losses and damages (NELs/NELD), such
as loss of identity, or psychological distress (Serdeczny et al. 2016; Clayton et al.
2017; chapter by Serdeczny 2018). Attribution of such a range of quantifiable and
non-quantifiable variables poses further uncertainties and challenges.
Attributing losses and damages may start to sound like an impossible challenge.
As we will explore, it is not currently possible, and it may never be possible, to
generate a complete inventory of losses and damages from anthropogenic emissions.
Yet that should not prevent scientists from seeking to develop a fuller understanding
of the drivers of losses and damages, and it does not mean that the science that is
already available is not useful for policy-makers, who are accustomed to dealing
with incomplete information and uncertainties. There are several important fields of
enquiry which can already contribute evidence to help us understand how anthro-
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pogenic climate change is influencing losses and damages, and steps are already
being made to integrate these disciplines. For example, recent work has estimated
the monetary losses attributable to anthropogenic emissions from damage to hous-
ing following the 2013/2014 winter flooding in the UK (Schaller et al. 2016), and
the number of heat-related deaths attributable to anthropogenic emissions during the
2003 European heatwave (Mitchell et al. 2016).
Here we review fields of study that might contribute to more such analyses in
the future, for each giving a brief overview of how the science works, examples
of the kind of attribution findings it can deliver, an evaluation of the strength of
evidence which is currently available, and future directions in the field. Given the
scale of the challenge, we cannot not hope to be comprehensive, but rather to give
an introduction alongside references which could provide more detailed insights.
Figure 5.2 summarises some of the causal connections between anthropogenic activ-
ity and losses and damages, and illustrates contributions from the different scientific
fields described in Sects. 5.3.1–5.3.4. Several authors have described a “causal chain”
between anthropogenic emissions, climate andweather, and local impacts (Stone and
Allen 2005; Hansen et al. 2016). Here we show there are many interacting causal
chains,whichmight be conceived of as awebor network of natural and anthropogenic
interactions.
5.3.1 Attribution of Climate Change and Extreme Weather
Events to Anthropogenic Forcing
The science of attributing observed climate andweather to external drivers, including
attribution of climate change trends, and attribution of extreme weather events, is
the type of research which physical climate scientists are usually referring to when
they use the term “attribution,” and this is also how “attribution” is used in the IPCC
Working Group I (WGI) reports (Bindoff et al. 2013). Here, attribution is defined as
“the process of evaluating the relative contributions of multiple causal factors to a
change or event with an assignment of statistical confidence” (Hegerl et al. 2010: 2;
Bindoff et al. 2013: 872). The aim is to investigate the influence of human-induced
changes inGHGs andother short-lived climate forcers (SLCFs) on climate or extreme
weather events, relative to the influence of other drivers, including modes of natural
climate variability, solar variability, and volcanic eruptions. The studies usually focus
on climate and weather, and therefore do not necessarily provide information about
impacts or losses and damages, therefore the results are most relevant for the links
shown in the top left of Fig. 5.2. What follows is a brief overview of the relevance
of attribution research to L&D. For more detailed information, several reviews are
available (Hegerl and Zwiers 2011; Bindoff et al. 2013; Stott et al. 2016; National
Academies of Sciences, Engineering, and Medicine 2016).
Until very recently climate change attribution studies analysed trends, most
notably the increase in global mean surface temperature. In these attribution studies,
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Fig. 5.2 A conceptual causal network illustrating multiple potential “causal chains” between
anthropogenic changes inGHGs and aerosols, climate andweather, andL&D.The figure is designed
to be illustrative rather than comprehensive, showing the influence of human factors (shown in grey
at the bottom of the figure) on L&D, including monetary losses, fatalities, damage to infrastructure
and ecosystems, and non-economic losses (NELs). The arrows are labelled with the section of the
chapter which deals with scientific research relevant to that link in the network: importantly not
all of the links are labelled, highlighting again that this chapter is not comprehensive, and there
may be other fields of research which could be integrated into L&D research and practice to better
understand L&D
observed trends are compared to model simulations with and without certain drivers
(including GHGs, anthropogenic aerosols, solar variability, and volcanic aerosols)
to test the relative importance of each forcing factor (see Fig. 5.3). These studies
have demonstrated that anthropogenic activity has influenced global warming, and
also regional warming on six continents, as well as global changes in related vari-
ables, such as atmospheric water vapour. The global increase in sea level rise has
also been attributed to anthropogenic GHGs (Bindoff et al. 2013). Trend attribution
can therefore provide relevant information about the influence of climate change on
some “slow onset” events including sea level rise, and increasing temperatures. It
is also possible to conduct trend attribution studies on long term trends in extreme
weather events, for example the global increase in heavy precipitation events has
been attributed to anthropogenic emissions (Zhang et al. 2013).
In the last 10 years, a new field of climate change attribution research has rapidly
emerged, which focuses on single extreme weather events (Stott et al. 2016). It is
now possible to make statements about how anthropogenic emissions have influ-
enced specific heatwaves, heavy rainfall events, wind storms, and droughts. Since
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Fig. 5.3 Example of a simplified detection and attribution study for global temperature. Points
show observed global temperature anomalies relative to 1880–1920 (shaded blue to pink to repre-
sent cooler to warmer temperatures). These are compared to model simulated temperatures with
natural forcings only (blue), anthropogenic forcing only (orange), and a combination of natural
and anthropogenic forcings (black). As shown, the observations can only be reproduced with both
natural and anthropogenic forcing. Source Bindoff et al. (2013) IPCC AR5 WGI, Box 10.1 Fig. 1,
p. 876
extreme weather events are rare, and their occurrence is strongly influenced by nat-
ural variability, it is not possible to say that a specific event would not have occurred
without anthropogenic interference. However, it is possible to investigate whether
and how anthropogenic emissions influenced the probability and magnitude. There
are several different methods for examining the influence of anthropogenic climate
change on extreme weather events, including observational and model-based stud-
ies (Stott et al. 2016). All methods use either large ensembles of climate models
or statistical models to estimate the likelihood of an event occurring in the current
climate as well as with the anthropogenic climate drivers removed. The resulting
frequency distributions can be used to estimate the change in the probability due to
anthropogenic interference (as in Fig. 5.4).
Extreme event attribution studies are increasingly being applied to understand
contemporary extreme events, and for the past 6 years the Bulletin of the Ameri-
can Meteorological Society has published a summary of attribution studies refer-
ring to the previous year (Peterson et al. 2012, 2013; Herring et al. 2014, 2015,
2016, 2018). The science is advancing rapidly, evidenced in the large growth in
the number of studies published, and the ability to make attribution statements
more quickly: scientists are investigating the possibility of operational event attri-
bution which could deliver statements in the weeks and months following an event
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Fig. 5.4 A schematic illustration of the probability distribution of a climate variable (such as tem-
perature or precipitation) with (solid red line) and without (green line) human influence on climate.
Extreme event attribution studies use statistics or climate models to estimate these distributions and
then calculate the change in probability associated with anthropogenic forcing (i.e. the difference
between the green hatched area—P0—and the red hatched area—P1). The red dashed line illustrates
how the probability distribution of the variable might change in future. Source Stott et al. (2016)
(see www.climatecentral.org). For example, the flooding in Louisiana in August
2016 was attributed to have been made twice as likely due to anthropogenic cli-
mate change, two weeks after the event occurred (van der Wiel et al. 2017).
A large signal from anthropogenic climate change on the early 2017 drought
in Kenya could be excluded while the event was still unfolding (Uhe et al.
2017).
It is currently not possible to conduct scientifically viable attribution studies for
all types of extreme weather events leading to losses and damages (see Fig. 5.5), and
some specific cases can be particularly difficult to model due to rare and complex
weather patterns, as was found for flooding in Pakistan in 2010 (e.g. Christidis et al.
2013). There are also important variations in the availability and quality of attribu-
tion evidence between regions. Currently, many more studies have been conducted
for developed than developing countries (Otto et al. 2015a). There are efforts to
change this (e.g. wwa.climatecentral.org), but limited availability of data in devel-
oping countries is a barrier (Huggel et al. 2015a). This is highly relevant for L&D,
because it means it is challenging to make attribution statements about losses and
damages from some disasters. It is also important to highlight that in some cases
anthropogenic climate change is found to decrease the probability of extreme events,
such as spring flooding from snowmelt in the UK (Kay et al. 2011) or not to alter the
likelihood of the event occurring, as for the 2014–15 droughts in the Sao Paolo area
(Otto et al. 2015b).
Uncertainties associated with event attribution studies can make the results chal-
lenging to communicate and apply in policy (Otto et al. 2015a), as with projections of
climate change (Weaver et al. 2013). The results of attribution studies also depend on
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Fig. 5.5 Schematic illustration of the assessment by the National Academy of Sciences of the state
of attribution science for different types of extreme weather events, both in terms of the general
understanding of the impact of climate change on this kind of events, and in terms of the attribution
of specific extreme events to anthropogenic forcing. Source National Academies of Sciences,
Engineering and Medicine (2016)
how events are defined, how attribution questions are asked, and the methodologies
used (Dole et al. 2011; Rahmstorf and Coumou 2011; Otto et al. 2012), which has
led to some disagreements between scientists about the strength of evidence which
they provide (Trenberth et al. 2015; Otto et al. 2016). This does not preclude the
use of evidence about changing risks from attribution studies, but highlights a need
for research to explore how the science might contribute to decision analyses (see
chapter by Lopez et al. 2018; chapter by Botzen et al. 2018), potentially building
on existing efforts to combine and translate sources of uncertainty into a common
confidence language (Stone and Hansen 2016).
AsGHGconcentrations increase, and the Earth System adjusts to this perturbation
to the energy balance, the signal from climate change will be strengthened, and
therefore it is likely that the Earth will experience more regional changes, and more
extreme events which show a detectable influence from anthropogenic emissions
(e.g. Lee et al. 2016; Frame et al. 2017). The rapid developments in the science also
suggest that there will be a continued growth in available literature, and now there are
also increasing efforts to extend extreme event attribution studies beyond climatic
variables to also consider ecological and hydrological impacts (e.g. Marthews et al.
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2015; see Sect. 5.3.2), loss of life (Mitchell et al. 2016), andmonetary losses (Schaller
et al. 2016), as well as linkingwith research into the sources of anthropogenic forcing
(see Sect. 5.3.3). However, it is worth highlighting that some uncertainties in the
sciencewill not be eliminated, and the research is unlikely to provide an even evidence
base for all countries and events: some events will always be easier to study due to
differences between events in the strength of the climate signal, availability of data,
and ability of models to simulate them.
5.3.2 Attribution of Climate Change Impacts
There is a growing body of evidence about how recent changes in climate have
influenced natural and human systems. As part of the IPCC AR5 Working Group
II (WGII) report this evidence is drawn together to assess the detection and attribu-
tion of climate change impacts on the cryosphere, water resources, coastal systems,
terrestrial and oceanic ecosystems, and on human systems, including analysis of
food systems and the livelihoods of indigenous people (Cramer et al. 2014). In this
context, attribution “addresses the question of the magnitude of the contribution of
climate change to change in a system” (Cramer et al. 2014, 985), and that contribu-
tion is evaluated as being “major” or “minor”. This is a slightly different approach
to the attribution of climate changes and weather events in WGI (Sect. 5.3.1; see
Fig. 5.6), and in particular, does not necessarily imply that the change in question
Fig. 5.6 Schematic diagram from the IPCCWGIIChap. 18 on detection and attribution of observed
impacts, which illustrates how WGII work on impacts attribution (here Sect. 5.3.2) relates to WGI
work on attribution of climate and weather (here Sect. 5.3.1) and wider research into changes in
climate, natural, and human systems. Source Cramer et al. (2014) IPCC AR5WGII, Fig. 18-1, 985
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can be traced back to anthropogenic emissions. Given the challenges of attribution
to anthropogenic emissions for certain variables, notably precipitation changes, this
flexible approach allows for evidence to be gathered even where the signal-to-noise
ratio from anthropogenic activity is so far small.
The basic premise of impacts attribution research is consistent with the atmo-
spheric research (Sect. 5.3.1). Once a change in a certain variable has been detected,
potential drivers of that change are compared: the influence of regional or local
climate change is compared with other confounding variables such as pollution and
land use change, and sometimes technological innovation, or social and demographic
changes. The precise methodologies vary between disciplines (Stone et al. 2013), but
for a causal relationship to be established it is essential to understand the processes
by which climate change contributed to the observed impact, which is often explored
using ecological, hydrological, agricultural, or epidemiological models.
Over the past couple of decades, evidence about the observed impacts of climate
change has grown substantially (Hansen 2015). In the IPCC report of 2001, strong
evidence was restricted to the cryosphere and terrestrial ecosystems in northern lat-
itudes or mountainous regions (Gitay et al. 2001; Arnell et al. 2001). In the AR5,
impacts of recent climate change were observed on all continents and across all
oceans. There is high confidence that worldwide glacial retreat, permafrost warming
and thawing, and mass bleaching of coral reefs can be mainly attributed to climate
change. There is evidence that the livelihoods of indigenous people in the Arctic
have been altered by climate change, and emerging evidence for indigenous people
in other regions (Cramer et al. 2014).
As might be expected, understanding causal relationships is very challenging for
human systems, and there is often a strong role for social and economic factors,
making it difficult to isolate the role of climate change (Cramer et al. 2014). Hansen
and Cramer (2015) also highlight that the availability of evidence varies markedly
between regions. Often there is less evidence available about impacts in regions
considered to be most vulnerable to climate change: suggesting that the lack of
evidence does not indicate that climate change impacts have not occurred, but rather
than there are fewer studies available. For example, between 2000 and 2010, 10,544
scientific studies were published about climate change impacts in Europe, and just
1987 about South America (ibid).
Increasingly, there are efforts to analyse whether impacts attributed to climate
change can also be attributed to anthropogenic emissions, aswell as to extend extreme
event attribution studies ofweather to also investigate impacts (i.e. linkingSects. 5.3.1
and 5.3.2). Attribution to anthropogenic emissions has been demonstrated for global
scale studies of shrinking glaciers (Marzeion et al. 2014), ecological studies at a
global aggregate level of a meta-analysis (Rosenzweig et al. 2008), changing water
runoff, for example in the western United States (Barnett et al. 2008), and changes in
ecosystem productivity (Sippel et al. 2018). Hansen and Stone (2016) analysed the
role of anthropogenic emissions across all of the impacts assessed in the IPCCWGII
report (Cramer et al. 2014), and found that approximately 65% of the impacts related
to changes in atmospheric or ocean temperature could be confidently attributed to
anthropogenic forcing (Fig. 5.7). The strongest evidence exists for shrinking glaciers,
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Fig. 5.7 An analysis by Hansen and Stone, revisiting impacts in the IPCC WGII report to assess
whether they can be linked to anthropogenic forcing. Note Blue symbols show impacts which
have been attributed to anthropogenic forcing with at least medium confidence, and confidence
bars indicate the confidence level, with the colour of the confidence bars indicating whether the
observed impact is related to changes in air temperature (red), ocean surface temperature (violet)
or precipitation (blue). Impacts that are linked to regional climate trends, but with little evidence
for anthropogenic forcing are shown in grey. Source Hansen and Stone (2016)
permafrost degradation, bleaching and decline of coral reefs, increasing forest fires,
and the increase in shrub cover in Arctic regions. For impacts-related to precipi-
tation, the evidence of anthropogenic forcing is still weak, and for many impacts,
the evaluation of the relative contribution of anthropogenic climate change is still
qualitative. It is currently difficult to make quantitative statements due to the limited
availability of long-term, high quality data on the potential (non-climatic) drivers of
change required to perform a comprehensive analysis.
However, despite the remaining gaps and challenges, there is already substantial
evidence available about the attribution of climate change impacts (see Fig. 5.7),
which can contribute to an understanding of how anthropogenic climate change
is influencing losses and damages. The steps taken to integrate impacts research
(Sect. 5.3.2) with climate research (Sect. 5.3.1), are promising, and several authors
have proposed frameworks, and provided examples to illustrate, “end-to-end” attri-
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bution (Stone and Allen 2005; Stone et al. 2013; Huggel et al. 2015a; Hansen et al.
2016), which might be useful for further research. There is a question about whether
this constitutes true “end-to-end” attribution in the case of L&D. Do all climate
change impacts constitute L&D? It is notoriously unclear exactly howL&Dshould be
defined, but it is perhaps worth considering various other elements which might con-
tribute to an “end-to-end” attributionofL&D, including extending the “causal chains”
from emissions to emitters (Sect. 5.3.3), and towards disaster losses (Sect. 5.3.4).
It is also worth considering which of the impacts attributed (in e.g. Fig. 5.7) might
already be considered L&D. Recent event attribution studies have analysedmonetary
losses fromflooding (Schaller et al. 2016); and loss of life from cold- and heat-related
events (Christidis et al. 2010; Mitchell et al. 2016). Huggel et al. (2016a) also exam-
ine the Hansen and Stone (2016) data (Fig. 5.7) to consider which impacts constitute
irreversible losses, finding evidence for the attribution of irreversible loss of glaciers,
coral reefs, or livelihoods of Arctic communities.
5.3.3 Attributing Anthropogenic Forcing to Regions,
Countries, and Sectors
IPCC (2013) stated “Human influence on the climate system is clear.” This overar-
ching statement can be decomposed on the response side of the cause-effect chain in
terms of various types of impacts and their regional distribution (Sects. 5.3.1, 5.3.2).
But it is also possible to do so on the driver side—along several dimensions. Firstly,
there are different emissions and surface changes that perturb the radiative balance of
the earth-atmosphere system and cause radiative forcing; greenhouse gases such as
CO2, CH4 and N2O, aerosols such as sulphate and black carbon, and albedo changes
from land surface changes. Secondly, these factors also have a regional resolution;
i.e., the emissions and changes in albedo from land use changes can be distributed
to regions and nations, and economic sectors. Thirdly, these changes have occurred
at different points in time; e.g. early deforestation and coal burning versus late emis-
sions from more modern sectors (e.g. aviation) and technologies (e.g. halogenated
gases). Several studies have quantified contributions to climate change by regions
(den Elzen et al. 2005), nations (e.g. Matthews 2016; Skeie et al. 2017), sectors (e.g.
Fuglestvedt et al. 2008) and even companies (Heede 2014).
To investigate the contributions to climate change, simple climate models are
used to test the influence of specified quantities of emissions, or types of radiative
forcing, on climatic changes, primarily global temperature. Contributions to climate
change are often defined in counterfactual terms; i.e., how would the change in the
chosen climate indicator (usually global mean surface temperature) be different if
a particular subset of emissions were removed? A large number of simulations are
used to test many different subsets of emissions. Due to non-linearities the individual
contributions do not necessarily add up to 100% and there are various methods to
adjust for this. Availability of emissions data is also a key issue. Various emission
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Fig. 5.8 Sensitivity of estimated contributions to global mean surface temperature increase to
the choice of forcing components included in attribution analysis. CO2FF: CO2 from fossil-fuel
combustion and cement production. LUC: Land use change. KP: Kyoto Protocol gases (CO2, CH4,
N2O, HFC, SF6, PFC). ALL POS: All warming components. Source Skeie et al. (2017)
databases and inventories are used and often assumptions and inter/extrapolations
are needed (see Skeie et al. 2017).
The results of these studies depend strongly on various choices taken during
the analysis. Among the choices that have to be made are start and end dates for
emissions that are considered, when to measure the effect of the emissions, what
indicator of climate change is chosen (temperature, precipitation, extremes, sea level
rise, etc.), which drivers (GHGs, aerosols, land use changes) are included, how to
frame the emissions by the selected entities (extraction/territorial/consumption based
emissions), and whether the contributions should be normalised by population size.
An alternative could also be to normalise the contributions by the Gross Domestic
Product (GDP) of the countries. Figure 5.8 shows how the choice of emission com-
ponents included can impact the resulting calculations of how much each region or
country has contributed to change in global mean surface temperature up to 2012
(Skeie et al. 2017).
As discussed by Skeie et al. (2017), and Fuglestvedt and Kallbekken (2015) there
is no simple and single answer to the contribution question. Thus, it is not straight-
forward to ask how much a particular country, company, or sector contributed to
observed global warming. The answer varies depending on many choices in the
methodology, and these choices are associated with many open value-related and
ethical questions. Scientists might therefore best support policy-makers by present-
ing a spectrum of results showing how the calculated contributions vary according
to various choices.
A natural research question to ask is whether it will be possible to go further and
attribute other implications of climate change to nations’ emissions. Otto et al. (2017)
for the first time explore the link between emissions from countries to radiative forc-
ing and temperature contributions, and changes in the probability of extreme weather
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events, demonstrating how this area of work might be integrated with attribution of
climate and weather events (Sect. 5.3.1) and impacts (Sect. 5.3.2).
5.3.4 Assessing and Analysing Losses and Damages
from Disasters
To understand L&D from anthropogenic climate change, it is also important to con-
sider disaster assessments and disaster research. Before the establishment of L&D
as an area within the UNFCCC, there was already a great deal of work seeking
to quantify and analyse losses and damages from natural hazards. Not all of this
work examines causality, and therefore might not be considered attribution research,
but integrating knowledge, expertise, and analysis tools from disaster research with
climate change and climate impacts attribution research (Sects. 5.3.1, 5.3.2, 5.3.3)
could be a fruitful way to obtain a fuller understanding of L&D, and in particular
to compare the influence of anthropogenic climate change with drivers of exposure
and vulnerability.
Loss and damage assessments are routinely conducted after major disasters, and
the results are widely available in disaster databases including at global (EM-DAT:
Guha-Sapir et al. 2009; DesInventar 2015), and national levels. Reinsurance compa-
nies also hold disaster databases,27 but these are generally not publically available.
Disaster databases represent an impressive resource, however the quality, consistency
and completeness varies between regions and between events. The results also vary
between datasets: there is no consensus about how to collect data following disasters
(Huggel et al. 2015b), and different methodologies can have quite different results
(Kron et al. 2012). Collecting data about losses and damages from slow onset events
such as drought is very challenging, due to the timescales of data collection, and the
many other drivers which might play a role over this longer time period. Developing
countries are poorly represented (Gall et al. 2009), and in particular there is a lack of
information at the subnational scale in vulnerable countries (Huggel et al. 2015b).
Disaster risk research uses these databases to examine trends in losses from disas-
ters, including extremeweather events, and including analysis of causal relationships
with climatic variability (Bouwer 2011; chapter by Bouwer 2018). It is generally
accepted that the observed global increase in disaster losses is largely attributable to
increases in exposure to hazard, with more wealth situated in locations that are at
risk (Bouwer 2011; IPCC 2012). Research on the role of changes in vulnerability on
observed losses and damages is still very scarce and needs to be investigated in more
detail, although there is evidence that vulnerability to flood hazard is decreasing in
some places (Mechler and Bouwer 2015; Jongman et al. 2015; Kreibich et al. 2017).
Disaster databases often focus on a few key variables such as monetary losses and
fatalities. The range of losses and damages considered under the UNFCCC extends
far beyond these quantities (Serdeczny et al. 2016) and therefore it is also important
27E.g. www.munichre.com/natcatservice; www.swissre.com/sigma.
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to consider social science research to understand losses from disasters at a local level
(e.g. Warner and van der Geest 2013).
Perhaps the greatest opportunity for integration with attribution research lies with
“disaster forensics” and related fields which seek to examine past disasters, and draw
lessons for future disaster risk management (e.g. Keating et al. 2016). Techniques
include root-cause analysis (Blaikie et al. 2014), meta-analytical reviews (Mitchell
1999), longitudinal analysis ofmultiple disasters in a specific location (Erikson 1976;
Oliver-Smith and Hoffman 1999; Kreibich et al. 2017), and retrospective scenarios
(Jones et al. 2008).
5.4 Policy Implications: How Might Attribution Science Be
Applied to Support Actions to Address Losses
and Damages?
To date, it has been challenging to initiate detailed conversations in the policy arena
about the potential relevance of attribution science to L&D: in part due to the con-
troversy surrounding L&D, and the association which is often made between attri-
bution and responsibility, blame, and liability (see Sect. 5.2). In this chapter we seek
to highlight that attribution science itself does not aim to establish responsibility;
and to outline some of the motivations, methods, and findings of different forms of
attribution research, also considering how the integration of these fields could lead
to a fuller understanding of the influence of anthropogenic climate change on losses
and damages (Sect. 5.3). Now, having reviewed the available attribution evidence,
we consider whether this science might have any useful applications to support L&D
mechanisms, policies, and practice.
Many attribution scientists have suggested that their research could be useful
for adaptation and/or L&D (e.g. Pall et al. 2011; Mitchell et al. 2016; Parker et al.
2017b). Parker et al. (2017a)’s literature review highlighted that climate scientists
frequently refer to the potential applications of PEA. However, they found that in the
L&D literature itself, including, for example, publications from non-governmental
organisations, there was little mention of attribution science. This suggests that there
is a need for science-policy dialogue to explore potential applications (in agreement
with e.g. Stott and Walton 2013); and to this end, there have already been a number
of studies involving interviews with decision-makers about the potential uses of
attribution science (e.g. Sippel et al. 2015).
One potential barrier in identifying applications for L&D is that it is not yet
clear exactly what actions to address losses and damages would entail, with different
stakeholders holding different perspectives and priorities (Boyd et al. 2017; Fig. 5.1).
Previous literature has already highlighted that the potential role for science in rela-
tion to L&Dmight be different depending on what is meant by L&D, and what L&D
mechanisms aim to do (Surminski and Lopez 2015; Huggel et al. 2015a; chapters by
Lopez et al. 2018 and Schinko et al. 2018). Here we explore potential applications
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for attribution science in a L&D context with a very broad view of what L&D might
signify, including a large range of actions to address losses and damages, as identified
by different stakeholders (Boyd et al. 2017), for example adaptation, risk reduction,
risk transfer, insurance, risk pooling, risk management, recovery, rehabilitation, and
compensation.
5.4.1 Catalysing Action
Many papers, and stakeholder interviews, have highlighted an important role for
attribution in catalysing action (Bouwer 2011; Surminski and Lopez 2015; Parker
et al. 2017a). This refers to action in terms of greater mitigation ambition, as well as
actions to better prepare for disasters. Stott and Walton (2013) highlight that attri-
bution of extreme weather events could help aid agencies to encourage preparation
for disasters, and research projects are now underway to develop attribution studies
with DRR agencies to pilot such an approach (www.climatecentral.org). Promoting
mitigation could also be seen as an important element in relation to L&D. Several
interviewees in the Boyd et al. (2017) study highlighted that one of the important
goals of L&D negotiations is to heighten ambition to mitigate, in order to avoid
impacts and risks. If the interviewees and commentators are correct, that attribu-
tion evidence could motivate mitigation (see Parker et al. 2017a), presumably by
demonstrating quantitative evidence and examples of how GHGs and aerosols are
affecting people; this motivates further attribution research, and also further efforts to
communicate the results in an understandable form for policy-makers and the public
(following existing work e.g. wwa.climatecentral.org).
5.4.2 Providing Evidence for Liability and Compensation
The most frequently discussed applications of attribution science for L&D arguably
relate to liability and compensation (Allen 2003; Allen et al. 2007; Stone et al. 2009;
Thompson and Otto 2015; Parker et al. 2016, 2017a; Thornton and Covington 2016).
L&D has its origins in calls from small islands states for some form of compensation
for climate change impacts, particularly sea level rise (Mace and Verheyen 2016),
and L&D is sometimes still discussed with reference to some notion of a global
compensation mechanism. In this context, attribution is often raised in terms of
whether it could provide sufficient evidence for such a mechanism (e.g. Craeynest
2010). For example, one interviewee from Boyd et al. (2017)’s study explained: “In
order to have a reliable L&D compensation mechanism, you’ll need to have a very
high confidence about the causes of L&D, if the science is not 100% or close, there’ll
always be room to contest” (see similar discussions in Parker et al. 2017a). For one
stakeholder, attribution science was even described as the key to unlocking liability:
“we don’t have to enter the rooms on liability and compensation, those doors are
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locked behind a door called attribution. The key to that door lies with the scientific
community, it is still being forged.”
These interviews took place before the Paris Climate Conference, when the fol-
lowing text was included in Decision 1/CP. 21, referring to the article of the Paris
Agreement about L&D: “Article 8 of the Agreement does not involve or provide
a basis for any liability or compensation;” (UNFCCC 2015, paragraph 51). Subse-
quent analysis suggests that this does not prevent liability or compensation per se, but
rather only in connection with Article 8 (Mace and Verheyen 2016; Calliari 2016). It
does not, for example, prevent actions outside the framework of the UNFCCC, such
as legal action against individual countries or companies.
The potential for attribution evidence to support ad hoc litigation, outside of the
UNFCCC, has also received considerable attention in the literature, withmixed views
about whether the science would be strong enough to stand up in court (e.g. Farris
2009; Adam 2011;Wrathall et al. 2015; Hannart et al. 2016; Thornton and Covington
2016; see also the chapter by Simlinger and Mayer 2018).
Drawing on the review of available evidence in Sect. 5.3, it would seem that any
form of liability and compensationwhich relies on a complete “causative chain” from
monetary losses—to weather and climate—to anthropogenic climate change—to
emitters, might currently struggle to find many examples with sufficient evidence.
Given the progress of the science, such examples will however emerge, albeit with
uncertainties (Otto et al. 2017). It will then become a legal question of whether
and how these might support individual lawsuits. Existing analysis suggests that the
requirements of quantitative evidence would be rather different, for example if the
case is examined in tort law or in the context of human rights (Marjanac and Patton
2018).
Beyond ad hoc litigation, the idea of a global compensation mechanism based on
fully attributable losses and damages is currently far from reality. This is not to say
that some kind of global insurance and/or compensation mechanism is not possible,
but rather that trying to base payments on quantitative attribution evidence at a local
level is unlikely to lead to fair outcomes, as the strength of available evidence will
vary between places and events. In fact, the evidence at the disposal of poor countries,
typically highly vulnerable to climate change, is very limited as compared to richer
countries with long-term and high-quality data series and information (Huggel et al.
2016b; Fig. 5.9). Several proposals for global insurancemechanisms in the context of
L&Dhave been developed (e.g. Linnerooth-Bayer et al. 2009; chapter byLinnerooth-
Bayer et al. 2018),28 and these have not necessarily required a full causative chain
of attribution evidence (see also introduction by Mechler et al. 2018).
28The original proposal from the Alliance of Small Islands States for to establish a ‘collective loss-
sharing scheme’ to ‘compensate the most vulnerable small island and low-lying coastal developing
countries for losses and damages’ is described in Mace and Verheyen (2016), and can be found in
an annex at http://unfccc.int/resource/docs/a/15_2.pdf.
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5.4.3 Informing the Distribution of Adaptation or L&D
Funding
Another frequent, and related, discussion about the potential use of attribution sci-
ence concerns whether it might be applied to help inform distribution of adaptation
or (potential) L&D funding. Currently projects which seek support from the Green
Climate Fund are judged against a list of criteria, for example expected reduction in
vulnerability and ability to strengthen institutional capacity (the investment frame-
work is documented in e.g. GCF 2015). It is conceivable that some kind of attribution
evidencemight be required as part such a checklist. In the context of L&D, some have
suggested a separate fund could be established for projects which seek to address
losses and damages (e.g. Richards and Boom 2015). Such a fund would presumably
also have a list of necessary criteria which could include attribution evidence. The
concept of a L&D fund is related to the idea of a global compensation mechanism,
but here we discuss it separately, since it could, for example, be based on voluntary
contributions, and it is perhaps useful to think about how evidence might be applied
to distribute available funds rather than to extract new funding from emitters.
Several authors (Hoegh-Guldberg et al. 2011) and stakeholders interviewed (in
Parker et al. 2017a; Sippel et al. 2015) have suggested that attribution science could
be used to help allocate resources. However, others argue that, given disparities in
the strength of evidence, it would be counterproductive or unfair to give priority only
to projects which address impacts that can be confidently attributed to anthropogenic
Fig. 5.9 Map demonstrating the location of weather stations in the Global Historical Climatology
Network (black points), as well as the number of detected impacts reported in the IPCC AR5
for Annex I countries (in purple), Non-Annex I countries (in green), and regions not party to the
UNFCCC (in grey). Source Huggel et al. (2016b)
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climate change (Hulme et al. 2011). Referring again to Fig. 5.9, it is clear that
some countries and regions have more data available than others, and whilst this
is not the only factor that determines confidence in attribution studies (Otto et al.
2013), the strength of evidence will continue to vary between regions, and between
climate change impacts. The discussion about who is most deserving of funding
raises ethical questions which cannot be answered by scientists, and highlights that
incorporating attribution science into a system for distributing funding would not be
straightforward. In the final section we explore a potentially less controversial, and
perhaps more fundamental way in which the science can be used in helping to decide
which actions might address losses and damages.
5.4.4 Analysing Drivers of L&D to Inform Practical Actions
to Avert, Minimise, and Address Losses and Damages
Rather than being used to help answer political and ethical questions about who
should pay, and who should receive support (see chapter byWallimann-Helmer et al.
2018), attribution science could instead help to answer practical questions about how
to spend the money: How should risks be managed? What can be done to minimise
and address losses and damages?Which actions can be taken to help people to recover
from L&D? In order to prepare for changing risks, it is fundamental to understand
their causes, including drivers of changes in hazard, as well as vulnerability and
exposure. Anthropogenic climate change is just one driver of changing hazard, but a
fundamental driver which must be incorporated into risk analyses in order to identify
risk management options which will be most effective in a changing climate (see
Mechler and Schinko 2016; chapter by Schinko et al. 2018). As demonstrated in
Sect. 5.3, attribution science is focused on establishing causality and, alongside
other climate change research, is an important element in a toolkit for climate risk
management.
From a climate risk management perspective, the key is to be able to quantify
current risks and how these may evolve in the future in a changing climate (and,
more broadly, a changing world). The importance of future climate model projec-
tions is frequently highlightedwith reference to adaptation planning (e.g. Giorgi et al.
2009) and, more recently, with reference to planning to address losses and damages
(Surminski and Lopez 2015). It is also increasingly recognised that, to understand
risk, climate projections should be combined with projections of future changes in
exposure and vulnerability (Mechler and Bouwer 2015). Attribution science can be
a complementary source of evidence, which (a) provides important additional infor-
mation about changing risk in the presence of uncertainty, (b) offers an assessment
of how risks are changing now (whilst future projections might not be relevant for
30 years or more), and (c) helps to diagnose the causes of losses and damages,
which could be useful in prioritising actions to reduce risk. The need to assess sci-
ence investigating the role of climate and non-climate drivers in recent high-impact
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events, and how those drivers are changing across time and spatial scales, in order
to inform adaptation and risk management, has been recognised as a key priority for
the next IPCC report (RC/RCCC 2017). Here we give a few examples to illustrate
the importance of this approach.
In East Africa, many climate models suggest that the region will become wetter
in future (Shongwe et al. 2011; James et al. 2014b), which might imply the need
to adapt to wetter conditions, and potential for losses and damages from extreme
precipitation or flooding (Shongwe et al. 2011; Taylor et al. 2013). However, obser-
vations suggest that there has been a recent increase in drought (Rowell et al. 2015),
and analysis of the climate processes associated with precipitation decline suggest it
could be caused by warming of the Indian Ocean, which is expected under anthro-
pogenic climate change (Copsey et al. 2006; Williams and Funk 2011; Williams
et al. 2012). An attribution study of the drivers of the climate hazards that resulted in
the extreme drought in 2010–11 (Lott et al. 2013) showed that it was influenced by
both climate change and natural variability (with an important role for the El Nino
Southern Oscillation). By combining evidence from attribution research with obser-
vational evidence, physical understanding, and future projections, it seems clear that
adaptation and L&Dplanning for East Africa should not assumewetter futures (Funk
2011), and should strengthen measures to respond to drought, which could continue
to occur due to natural variability, and may be amplified by climate change.
Another reason that attribution research can provide important evidence to help
address losses and damages, is that it offers an assessment of how risk is changing
now. For many decision-makers, information about how climate might change in
30 years is not relevant because their planning horizons are much shorter (Jones
et al. 2017). This is true for several of the approaches which have been suggested to
address losses and damages. For example, there has been a great deal of emphasis
on risk pooling schemes and (re)insurance. These systems rely on estimates of the
probability of extreme weather events based on historical data, which may no longer
be relevant in a changing climate. Attribution studies can provide an estimate of
the current probability of extreme weather events. Finally, the above has focused
on the hazard component of climate risk management but attribution science can
also be extended to provide relevant information on the vulnerability and exposure
components. This principle is demonstrated by considering the impact of different
responses to two category 4 tropical cyclones in Mozambique (Benessene 2007;
UNISDR 2010). This showed significantly less loss of life in a more recent event in
2007 compared to 2000, as a result of better early warning systems reducing human
exposure to a hazard of similar magnitude. Another example by Otto et al. (2015b)
showed that climate change had not altered the likelihood of the precipitation deficit
associated with the 2014–15 droughts in the Sao Paolo area. Thus higher losses
in this case compared to earlier events could not be attributed to a change in the
hazard and so were attributable to higher vulnerability and exposure resulting from
socio-economic changes. These examples demonstrate that attribution science can
be useful to guide the design of improved future responses to climate-related risks.
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5.5 Conclusions
In this chapter we have discussed how attribution science might be useful for L&D
policy and practice. As has been widely recognised, the concept of L&D from cli-
mate change is still vague and contested with a diverse range of perspectives held
amongst stakeholders. Thismakes it challenging to say exactlywhat kind of scientific
input is needed. Here we take a broad approach to consider how attribution science
might be relevant to L&D discussions, and a range of possible options for L&D
policy and practice. The first step was to examine the discourse surrounding L&D
and existing mentions of, and debates about, attribution in the L&D policy space
(Sect. 5.2). If scientists, practitioners, and policy-makers are to jointly integrate sci-
ence into actions to address losses and damages, it is important to understand the
baseline understandings and associations held by different stakeholders. We have
followed policy discussions for a number of years, and directly asked many par-
ticipants in L&D discussions about their views on attribution, including through
stakeholder interviews (Box 5.2). This research has demonstrated that attribution is
a controversial but also recurring issue in L&D discussions. In our interviews with
stakeholders and observations of meetings about L&D, attribution was often men-
tioned. Few stakeholders demonstrated in-depth knowledge of attribution science,
but they often raised questions about whether losses and damages could be attributed
to climate change. These questions relate to practical issues about the mandate of
the UNFCCC, but also have important political implications. Attribution is often
mentioned alongside responsibility, blame and liability.
It therefore appears that attribution is a key issue of relevance to L&D discussions,
but it is so far very difficult to discuss in detail how the science might be used,
because it is considered to be a controversial topic. If scientists are to effectively
engage in dialogue with policy-makers, it would be helpful for them to be aware
of these associations and controversies; and also aware that policy-makers work
in an environment where science is often used for political motives, and clarity is
not always helpful or asked for. In fact, climate negotiators may be mandated to
avoid certain topics or terminology. Communicating scientific results is therefore
not sufficient to support policy: it must be communicated in a language that policy-
makers can work with. At the same time, it would be helpful if policy-makers and
practitioners were made more aware of the findings and methodologies of attribution
studies and the fact that attribution science itself is not primarily designed to establish
responsibility. The political and ethical implications are far beyond the realm of
physical scientists, and many scientists are keen to remain impartial purveyors of
information, without becoming involved in politics: a potentially useful resource for
policy-makers in a landscape where most actors do have political motives.
A more in-depth discussion between scientists, practitioners, and policy-makers
about attribution science would likely reveal much that is relevant to averting and
addressing losses and damages, regardless of political positions. As outlined in
Sect. 5.3, there are a number of fields of inquiry that are advancing rapidly which
could be integrated to better understand the influence of anthropogenic climate
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change on losses and damages, and how this compares with other drivers of risk.
There are uncertainties, and the level of evidence available is not even between
countries, regions, or between different climate change impacts. It may therefore be
challenging to use attribution science for the kind of applications which are most
frequently suggested. Notably it might be challenging to use attribution science for
some kind of global compensation mechanism, or to allocate funding to address cli-
mate change impacts. Such systems might benefit from being informed by global
estimates of attributable changes and evidence for the emergence of climate change
impacts in different regions, rather than being informed by attribution studies for spe-
cific events or specific losses. However, as well as the difficult political and ethical
questions about who should pay for losses and damages, and who deserves sup-
port to address losses and damages, there are also fundamental practical questions
about how to help people prepare for, and recover from, climate change impacts and
losses and damages. To address these questions most effectively, and manage risks
in a changing climate, understanding drivers of risk is fundamental, and attribution
science has a key role to play.
To end, how is attribution science relevant for L&D policy and practice? And
could it be useful? While in a political context attribution is often associated with
compensation for climate change impacts, we show that the science of attribution
has the potential for much broader applications. Attribution has an important role
to play in helping understanding L&D, including through quantification of risks,
investigating of the relative importance of different drivers of change, and identify-
ing timescales on which significant impacts of climate change emerge in different
regions of the world. Regardless of the policy mechanisms for addressing losses and
damages, it is important to foster a better understanding of how climate change is
influencing losses and damages. With further scientific integration, including inte-
grating attribution studies with future projections, and through informed science-
policy-practice dialogue, attribution could contribute towards the development of
useful practical actions to avert and address losses and damages.
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